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Ant surveys were carried out in seven different years from 2002 to 2012 at the Gwangneung Long-Term
Ecological Research site in South Korea to identify changes of ant communities using pitfall traps.
Principal component analysis was used for analysis of communities. Species diversity of ant community
decreased and species composition changed in 2004, when forest species decreased but open habitat
species increased. The diversity was restored in 2005, but community structure did not return to the
predisturbance state. The ﬁrst numerically dominant species was changed from Aphaenogaster japonica
to Formica japonica since 2004. The disturbance value of ant communities recognized a disturbance in
2003. Ant species foraging on vegetation were increased in abundance and were changed in occurrence
each year since 2005, indicating that an increase of understory vegetation after forest disturbance would
inﬂuence ant community composition.
Copyright  2015, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Living organisms change in response to environmental shift.
Their abundance may decrease in unfavorable environments but
may increase in favorable environments. The environment sur-
rounding living organisms includes not only physical factors such
as climate and habitats, but also biological factors such as predation
and competition (Odum 1983). Changes in species levels result in
changes in the biological communities, and such biological changes
can reciprocally lead to changes in the physiochemical environ-
ments (Lenton 1998). All changes in the globe are related to each
other in a feedback manner (Jørgensen and Fath 2011). Thus,
changes are the most fundamental property of ecosystem, but
those that could cause changes are related together in a complex
manner, and therefore, it is extremely difﬁcult to predict ecological
changes and to explain the cause of such changes.
Distribution range or phenology of species is changing due to
climate warming, and inhabiting species are changed due to either
environmental disturbance or invasive species (Kwon et al 2013,
2014c; Parmesan and Yohe 2003). Ants have high possibilities as
bioindicators that represent environmental changes because ofþ82 2 961 2679.
useum of Korea (NSMK) and
National Science Museum of Korea
license (http://creativecommons.their sedentary habit, and thus, many studies in this regard have
beenwidely carried out throughout theworld (Agosti et al 2000). In
South Korea, research on ants had been limited to taxonomical
studies or listing of ant species living a certain area. In recent times,
however, a wider variety of ecological research is being carried out
such as projection of changes related to climate change, suggestion
of a diversity hypothesis, and the evaluation of impact caused by
forest disturbance and pesticide use (Kwon 2010, Kwon 2014a,b;
Kwon and Lee 2015; Kwon et al 2005, 2014a,b,c; Lee and Kwon
2013).
Studies on changes in ant communities are relatively rare. In
South Korea, however, there are several studies on ant commu-
nities, including 1-year change of ant communities (Lee and Kwon
2013) and 8-year changes (Kwon et al 2013) in burned forest, 4-year
changes in aerial pesticide-sprayed forest areas (Kwon 2010), and
two studies on between-years change of ant communities in the
Gwangneung Long-Term Ecological Research (GN LTER) site (Kwon
2014a,b; Kwon et al 2014c). Between 2003 and 2005, the diversity
of ant community at the GN LTER site decreased in 2004 with the
change in ant community composition. In 2005, however, the di-
versity was restored, but the species composition was different
from that of 2003 (Kwon et al 2014c). Forest disturbance caused by
pest damage or heavy precipitation changed the structure of ant
communities (Kwon et al 2014c). Upon analyzing data in 2012
when 7 years passed since this disturbance, the impact of the
disturbance continued to remain in the community structure(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
Table 1. Number of individuals of ant species in the Gwangneung Long-Term
Ecological Research site from 2002 to 2012.
Species No. of individuals Percentage
Lasius spp. (japonicusþ alienus) 14,126 44.5
Formica japonica 9557 30.1
Aphaenogaster japonica 3042 9.6
Pheidole fervida 1938 6.1
Pachycondyla javana 627 2.0
Nylanderia ﬂavipes 523 1.6
Camponotus japonicus 510 1.6
Temnothorax nassonovi 396 1.2
Vollenhovia emeryi 242 0.8
Camponotus atrox 149 0.5
Camponotus kiusuensis 95 0.3
Myrmecina nipponica 93 0.3
Ponera japonica 77 0.2
Strumigenys lewisi 71 0.2
Pachycondyla chinensis 68 0.2
Crematogaster matsumurai 63 0.2
Pristomyrmex pungens 43 0.1
Cryptone sauteri 30 0.1
Ponera scabra 27 0.1
Stenamma owstoni 17 0.1
Camponotus nipponensis 14 0.044
Crematogaster teranishi 14 0.044
Lasius spathepus 5 0.016
Dolichoderus sibiricus 4 0.013
Hypoponera sauteri 3 0.009
Camponotus sp. 1 2 0.006
Temnothorax sp. 3 1 0.003
Temnothorax sp. 4 1 0.003
TS Kwon / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 187e190188(Kwon 2014a,b). At present, at the Gwangneung forest, the forest
disturbance-preferring species such as Formica japonica and Lasius
spp. (japonicusþ alienus) are more abundant compared with others
(Kwon et al 2014c), which may be associated with the forest
disturbance in 2003.
The objective of this study is to identify the annual change of
ant community from 2002 to 2012 at the GN LTER site. It is ex-
pected that the predisturbance ant communities in 2002 and 2003
will be different from the postdisturbance ant communities in
2004e2012. With the passing of time, however, ant communities
would be changing toward the predisturbance communities. Such
predictions were tested with the presentation of descriptive
results.
Materials and Methods
Collection of ants
The GN LTER site is located in an old temperate deciduous
forest that is mainly composed of Carpinus laxiﬂora and Quercus
serrata. In this site, shrubs and herbs grow well as the understory
vegetation and the ground is completely covered by litter.
Numerous dead logs are scattered throughout the site. Details
about the GN LTER site were reported by Kwon et al (2014c). The
area of the site measures 1 ha, which is divided into 100 plots
(100 m2 each) that have plastic pipes in the four corners. In 2002,
one pitfall trap was installed at the center of each plot (100 in
total; traps installed on August 2 and collected on 20 August); in
2003, three pitfall traps were installed with 2-m interval diago-
nally from the center of the plot (300 in total; traps were installed
on July 23 and collected on August 1). Plastic cups (diameter
9.5 cm, depth 6.5 cm) were used for the pitfall traps. In 2004, they
were installed on 23 July and ants were collected on 11 August.
Since 2005, they were installed in late May and ants were
collected 10e15 days later. According to Kwon et al (2014c), there
was almost no difference in the ant community based on the
survey period (MayeJune vs. JulyeAugust), and it was found that
most ant species inhabiting the survey area could be collected by
300 pitfall traps in total (Kwon et al 2014c). Each trap was ﬁlled
with polyethylene glycol to one third of its volume (automobile
antifreeze; SK Energy, Super A, South Korea), which served as the
preservation ﬂuid. The collected ants were identiﬁed using the
identiﬁcation key proposed by Kwon et al (2012).
Data analysis
Ants from colonies near pitfall traps could be collected exces-
sively, and thus, estimating their abundance value based on num-
ber of individuals collected is sometimes overestimated (Tables 1
and 2). Therefore, abundance in this study is measured as per-
centage of the traps that collected each species. This estimate has
the same meaning as the probability of collecting a certain species
by one pitfall trap at a speciﬁc location. However, the studied
method represents more number of colonies rather than only in-
dividuals, because the estimate indicates the presence or absence of
the corresponding species around the trap. The abundance value of
each species in each year was used for principal component anal-
ysis (PCA). Singleton species that were noted in only one year were
not used in PCA. PCA was conducted using PC-ORD version 6.0
(MjM Software, Gleneden Beach, OR, USA). The annual disturbance
values of ant communities were estimated using the value of
disturbance index (Table 2) of each species obtained in the burned
forested areas (Kwon et al 2013). This metric is an abundance-
weighted estimation, and was obtained according to the method
proposed by Kwon 2014a,b.Results and Discussion
In this study, 31,738 ants belonging to 28 species were
collected (Table 1). The most numerically dominant species (i.e.
with the highest number of individuals) was Lasius spp. (japoni-
cusþ alienus), which accounted for 46% of the total ants collected.
However, this species was collected in only 23% of all traps, cor-
responding to the fourth most abundant species (Table 2). The
highest number of this species collected was due to their excel-
lent recruitment capability. This species is one of few species [e.g.
F. japonica, Lasius spathepus, and Lasius spp. (japonicusþ alienus)]
that are occasionally collected in hundreds by a pitfall trap.
However, F. japonica (collected in 60% of traps) and Aphaenogaster
japonica (collected in 67% of traps), which were the most
commonly found species in the pitfall traps, only accounted for
30% and 10%, respectively, of the total number of ants collected.
Only one individual each belonging to Temnothorax sp. 3 and 4
was collected in 2012 throughout the seven surveys. Nylanderia
ﬂavipes and Pachycondyla javana, which are the most abundant of
Korean ant species throughout South Korea (Kwon et al 2012),
had abundance value of only 1.6% and 2%, respectively. The annual
average temperature of the survey site was 9.2C, which is lower
than the optimal temperature favorable for these two species
[N. ﬂavipes 10.8C and P. javana 11.3C, which were estimated
using the national occurrence data reported by Kwon et al
(2012)], and thus, the survey site is actually colder compared
with the optimal thermal conditions for these two species. Spe-
cies richness (number of species) was lowest in 2002 and 2004
with only 15 species; comparatively, other compared years had
better richness (21 species in 2003, 2005, and 2008; 23 species in
2007; and 27 species in 2012). Excluding 2002, when the number
of pitfall traps was only a third of other years, despite the same
scale of collection across years, the cause for the considerably low
number of species in 2004 is analyzed in-depth by Kwon et al
(2014c).
Table 2. Occurrence of ants in the Gwangneung Long-Term Ecological Research site. Occurrence of each species is percentage of the traps that collected each species.
Species Abbreviation DI Year
2002 2003 2004 2005 2007 2008 2012
Aphaenogaster japonica Aj 0 75.7 80.8 62.5 73.1 63.3 59.8 56.0
Camponotus atrox Ca 5.7 3.4 10.5 9.5 2.1 4.2 9.5
Camponotus japonicus Cj 55 1.4 1.0 19.8 9.3 10.2 45.1
Camponotus kiusuensis Ck 2 4.3 0.7 2.2 6.0 3.5 4.5 5.1
Camponotus nipponensis Cn 0.3 0.4 1.1 0.7 0.4 2.2
Camponotus sp. 1 C1 0.4 0.4
Crematogaster matsumurai Crm 1 1.4 0.3 0.4 6.0 1.4 1.1 2.5
Crematogaster teranishi Crt 0.7 1.0 3.3
Cryptone sauteri Cps 1.4 3.0 1.1 1.0 0.4 3.6
Dolichoderus sibiricus Ds 0.4 0.3 0.4 0.4
Formica japonica Fj 82 48.6 30.0 76.4 78.4 57.1 65.2 61.8
Hypoponera sauteri Hs 1 0.3 0.3 0.4
Lasius spathepus Ls 0 1.5 0.4
Lasius spp. (japonicusþ alienus) Lja 53 5.7 10.4 6.0 29.3 36.0 38.3 33.8
Myrmecina nipponica Mn 0 1.4 9.8 0.7 6.4 1.0 2.3 6.9
Nylanderia ﬂavipes Nf 25 2.9 18.5 1.5 11.3 10.0 13.3 33.5
Pachycondyla chinensis Pc 2.9 5.7 3.7 0.4 0.7 0.8 4.0
Pachycondyla javana Pj 39 31.4 23.9 32.2 19.4 14.5 11.4 17.5
Pheidole fervida Phf 9 32.9 62.6 7.1 32.2 12.8 28.0 48.0
Ponera japonica Poj 15.8 0.7 5.7
Ponera scabra Pos 2 2.8 1.5 4.4
Pristomyrmex pungens Prp 45 3.0 0.7 2.1 0.8 0.4
Stenamma owstoni So 1.4 0.8 2.9
Strumigenys lewisi Stl 1 4.3 14.8 0.7 0.3 2.7 1.1
Temnothorax nassonovi Tn 5.4 30.4 25.3 18.6 19.6
Temnothorax sp. 3 T3 7 0.4
Temnothorax sp. 4 T4 0.4
Vollenhovia emeryi Ve 3 1.4 29.3 0.7 10.6 3.1 1.9 4.0
No of species 15 21 15 21 23 21 27
DI¼ disturbance index value.
Figure 1. Principal component analysis of ant communities at the Gwangneung Long-
Term Ecological Research site from 2002 to 2012. Aj¼ Aphaenogaster japonica;
C1¼ Camponotus sp. 1; Ca¼ Camponotus atrox; Cj¼ Camponotus japonicus; Ck¼ Cam-
ponotus kiusuensis; Cn¼ Camponotus nipponensis; Cps¼ Cryptone sauteri; Crm¼ Cre-
matogaster matsumurai; Crt¼ Crematogaster teranishi; Ds¼ Dolichoderus sibiricus;
Fj¼ Formica japonica; Hs¼Hypoponera sauteri; Lja¼ Lasius spp. (japonicusþ alienus);
Ls¼ Lasius spathepus; Mn¼Myrmecina nipponica; Nf¼Nylanderia ﬂavipes; Pc¼ Pa-
chycondyla chinensis; Phf¼ Pheidole fervida; Pj¼ Pachycondyla javana; Poj¼ Ponera
japonica; Pos¼ Ponera scabra; Prp¼ Pristomyrmex pungens; So¼ Stenamma owstoni;
Stl¼ Strumigenys lewisi; T3¼ Temnothorax sp. 3; T4¼ Temnothorax sp. 4; Tn¼ Temno-
thorax nassonovi; Ve¼ Vollenhovia emeryi.
TS Kwon / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 187e190 189In 2004, there were signiﬁcant changes in abundance of ants as
follows: a rapid decrease in A. japonica and Pheidole fervida that
normally live on the ground of the forest and a rapid decline of
Strumigenys lewisi, Ponera scabra, and Vollenhovia emeryi that are
predators mainly foraging on the forest soil and litter layer; addi-
tionally, there was a large increase in F. japonica that is more
abundant in open habitats rather than forests (Table 2). The ﬁrst
numerically dominant species changed from A. japonica to
F. japonica since 2004. The former species was themost abundant in
2002 and 2003, whereas the latter species was the most abundant
from 2004 to 2012 except in 2007. By contrast, other forest
disturbance indicator species such as Lasius spp. (japoni-
cusþ alienus) and Camponotus japonicus signiﬁcantly increased
since 2005. These two species are relatively more active in foraging
on the vegetation layer compared with F. japonica. In particular, the
former species is an active feeder of aphid honeydews. The popu-
lation of Temnothorax nassonovi signiﬁcantly increased since 2005,
which may be due to the change of survey period. This species has
the highest foraging activity in spring rather than summer at
Mount Gyebangsan (Gwangwon). Therefore, it is likely that the
number of this species increased in 2005e2012 when surveys were
conducted in late spring to early summer (late May to early June)
rather than in 2002e2004 when surveys were conducted in sum-
mer (July and August). Because T. nassonovi and Camponotus atrox
are common in relatively high altitudes, it is expected that their
numbers will be decreased with a rise in temperature (Kwon and
Lee 2015; Kwon et al 2014b). There was also a signiﬁcant increase
in the numbers of N. ﬂavipes in the last survey year (2012)
compared with other years, and this phenomenon is noteworthy.
This species is expected to become the ﬁrst numerically dominant
species by surpassing A. japonica, which is currently the ﬁrst
numerically dominant species of the Gwangneung forest, as the
temperature rises (Kwon 2014a,b).
TS Kwon / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 187e190190Figure 1 shows the annual change of ant communities. Axes 1
and 2 explain the 37.4% and 30.2% of total variation in PCA,
respectively. The year 2004, when diversity dropped drastically,
appeared to be separated from other communities; however, ant
communities in 2005, 2007, and 2008 were clustered, whereas in
2012 the community was separated from other communities. Ant
species that signiﬁcantly contributed to the composition of com-
munity each year were located in a similar fashion to the commu-
nities of the corresponding years. Unlike the expectation, the ant
community of 2002 was closer to that of 2004 than 2003. The
decrease in the occurrence of ant species due to the low number of
pitfall traps installed in 2002 may be one of reasons for this simi-
larity, when richness greatly decreased. In addition, a common
feature of the communities in 2002 and 2004 was the highest
abundance of P. javana (Table 2). The location of A. japonica, P. fer-
vida, S. lewisi, Ponera japonica, and V. emeryi, which were most
abundant in 2003, was similar to that seen in 2003. In the opposite
area of these four species, F. japonica and C. atrox were located and
these two species were signiﬁcantly increased in 2004 and 2005.
Ant communities appeared in groups in 2005, 2007, and2008,when
these two species along with two other species (Camponotus kiu-
suensis and Crematogaster matsumurai) were abundant. These spe-
cies engage in active foraging over the vegetation layer. In addition,
the following groups of ant species showing similar ordination as
community in 2012 was discovered: N. ﬂavipes, Camponotus nip-
ponensis, and Crematogaster teranishi. Their populations were
greatly increased in 2012. These species share the common
traitdthey are all active foragers over the vegetation layer.
The diversity decrease and community change in 2004 suggest
the inﬂuence of forest disturbance as documented by Kwon et al
(2014c). This ﬁnding was conﬁrmed by comparing the annual
disturbance values of ant communities (Figure 2). The disturbance
valuewas lowest at 22.7 in 2003 and increasedmore than two folds
in 2004. Forest disturbance that might be caused by insects (pests)
or heavy rains occurred in the Gwangneung forest in the second half
of 2003 (Kwon et al 2014c). In the years following 2005, the
disturbance value had been ﬂuctuating between 36.4 and 41.4
(Figure 2). In 2002, the year prior to disturbance, the disturbance
value was relatively high at 36. This is likely because two soil ant
species (P. scabra and Hypoponera sauteri) were not collected due to
the low number of pitfall traps installed. Because ant species
belonging to this functional guild are not easily collected by pitfall
traps, their abundance may be underestimated in the pitfall trapFigure 2. Change of disturbance value of ant communities at the Gwangneung Long-
Term Ecological Research site from 2002 to 2012. The annual disturbance values of ant
communities were estimated using the value of disturbance index (Table 1) of each
species obtained in the burned forested areas (Kwon et al 2013). Estimation of this
metric is abundance weighted following the method proposed by Kwon 2014a,b.survey, as they are able to live in forest with a well-developed litter
layer and their disturbance index values are normally low (Table 2).
Thus, when the number of pitfall traps is relatively low, the number
of occurring species of this functional group decreases, and the
disturbance value of community may increase. Moreover, the high
number of P. javana, which has amedium level of disturbance index,
played a decisive role in increasing the disturbance value. Richness
in 2005 was restored to the level similar to that of 2003, but when
examining the disturbance value of ant communities, it is evident
that there is a difference between 2003 and 2005. This fact suggests
that the recovery of diversity alone does not represent restoration
after disturbance; instead, it is the composition of ant species that
better reﬂects the characteristics of ant communities. F. japonica,
which has the highest disturbance value of 82, did not decrease
signiﬁcantly in abundance since 2005, but it became the numeri-
cally dominant species instead of A. japonica, which has the lowest
disturbance index value at 0. A. japonica is a species with important
ecological roles such as seed dispersal of herbaceous plants and
symbiosis with lycaenid butterﬂies (Higashi et al 1989; Yamaguchi
1988). If temperature increases in the future, N. ﬂavipes, which is
more abundant in the southern regions, is expected to become the
ﬁrst numerically dominant species instead of A. japonica in the
Gwangneung forest (Kwon 2014a; Kwon and Lee 2015). This species
is considerably smaller than A. japonica (Kwon et al 2012), and thus,
its function in the ecosystem and impact on other organismswill be
different. It will be difﬁcult to expect N. ﬂavipes to carry out the
ecological services (symbiosis with butterﬂies or dispersal of plant
seeds) that are now provided by A. japonica. Therefore, changeover
of the dominant species may lead to diverse and huge impacts on
the ecosystem of Gwangneung forest, and hence, further research
will be necessary in this regard.References
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